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Objective: A reduced access aortic exposure (RAAE) technique for repair of infrarenal AAA repair has been
evaluated and the short-term surgical outcomes are compared with conventional open repair (OPEN).
Methods: All consecutive patients having repair of infrarenal AAA over a period of 3 years were included
in this study. A group of these patients had AAA repair using the RAAE technique with a small midline
incision (<8 cm). Patient characteristics and peri-operative outcomes were compared with the other
group treated with the traditional full-length midline incision (OPEN).
Results: Sixty patients underwent AAA repair in this study (38 in the RAAE group and 22 in the OPEN
group). The age, sex distribution and co-morbidities were similar across the two groups (median age 76
and 75 years respectively). The RAAE group had a signiﬁcantly shorter Intensive care stay (2 vs. 4 days,
p ¼ 0.041) and a shorter total hospital stay (9 vs. 14 days, p ¼ 0.004). Signiﬁcant postoperative chest
infection was recorded in 13% (5/38) in the RAAE group as compared to 41% (9/21) in the OPEN group
(p ¼ 0.025).
Conclusions: The RAAE technique for infra renal AAA repair is feasible and safe, and allows quicker
postoperative recovery with comparable morbidity and mortality to the conventional technique.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
The conventional open repair for abdominal aortic aneurysm
(AAA) repair has been well established since 1966 after its
introduction by Creech.7 This is major abdominal surgery in
a group of patients usually having risk factors for ischaemic
heart disease and peripheral vascular disease. In spite of
advances in anaesthetic and surgical techniques and peri-oper-
ative care, the mortality for elective aneurysm repair remains
around 3–5%.1–3
Endovascular repair, ﬁrst popularised by Parodi et al. in 1993,
is an attractive alternative for repair of AAA, particularly in high-
risk patients.4 Since the widespread application of minimal access
techniques in all surgical disciplines, total laparoscopic and
laparoscopic assisted techniques for AAA repair have also been
described. A mini-laparotomy technique is another alternative
method for treating these patients, where an operation techni-
cally similar to the open conventional technique is carried out
through a signiﬁcantly smaller incision. This technique has beeners Ford, Eastleigh SO53 4LJ,
0 260446.
ciates Ltd. Published by Elsevier Ltdescribed in the literature and the immediate short-term results
are good, with reduced hospital and ITU stay as well as reduced
morbidity.5,6
This paper describes our experience of the mini-laparotomy
technique in the repair of infrarenal abdominal aortic aneurysms,
and the results are compared with the published literature.2. Materials and Methods
This is a non-randomised prospective comparative study pre-
senting results of infrarenal AAA repair using the reduced access
aortic exposure (RAAE) technique. The results are compared with
a similar group of patients undergoing AAA repair with a traditional
full-length midline incision (OPEN technique). Sixty patients
requiring repair of an infrarenal AAA were recruited in this study
between April 2002 and April 2006. Thirty-eight patients had AAA
repair using the RAAE technique with a small midline incision
(<8 cm), with intra abdominal retraction of the small bowel.
Patient characteristics and peri-operative outcomes were
compared with the other group treated with the traditional full
midline incision and extra-cavity bowel retraction (OPEN). Patient
demographic details, operative ﬁndings and post-operative course
were recorded in a prospective database.d. All rights reserved.
Table 1
Demographic details of patients in the two groups.
RAAE (n ¼ 38) OPEN (n ¼ 22)
Median age, years (range) 76 (57–86) 75 (65–87)
Sex
Male 33 19
Female 5 3
Body weight, kg 95 (55–123) 99 (61–125)
Co-morbidities
IHD 11 (28.9%) 7 (31.8%)
Diabetes 7 (18.4%) 5 (22.7%)
Hypertension 17 (44.7%) 10 (45.4%)
Hyperlipidaemias 7 (18.4%) 4 (18.1%)
COPD 8 (21.1%) 3 (13.6%)
Current smoking 9 (23.6%) 4 (18.1%)
Median aneurysm size, mm 60 (range 45–94) 61 (range 43–90)
Table 2
Operative details and length of stay for patients in the two groups.
RAAE (n ¼ 38) OPEN (n ¼ 22)
Median operative time (min) 155 (range 70–350) 162 (range 75–330)
Median blood loss (ml) 1500 (range 400–5000) 2000 (range 250–4500)
Type of graft
Tube 34 12
Bifurcated 4 10
Median incision length (cm) 9 25
ITU stay (days) 2 (range 0–16) 4 (range 0–21)
Hospital stay (days) 9 (range 4–54) 14 (range 9–36)
Mortality 2 (5.2%) 1 (4.5%)
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preferably managed with the OPEN technique. Patients presenting
with a ruptured aneurysm were not included in the study. Other
exclusion criteria included supra-renal aneurysms and patients
requiring concomitant visceral arterial reconstructions. All
patients had an ultrasound scan of the abdomen and CT angio-
gram for the assessment of the size and level of the aneurysm.
A pre-operative assessment for ﬁtness for a general anaesthetic
was carried out which included routine blood tests, chest X-ray
and ECG. Lung function tests and echocardiography were carried
out in high-risk patients. Post-operative chest infection was
diagnosed on the basis of three or more of the ﬁndings including
cough, phlegm, shortness of breath, chest pain, temperature
above 38 C, radiological signs and positive sputum culture.
Paralytic ileus lasting more than 4 days was categorised as pro-
longed ileus. Wound infection was deﬁned using the CDC criteria
for surgical site infections.8
The technique involves a general anaesthetic and an epidural
catheter for all patients. Bair Hugger combined with an incised
spinal drape is used routinely to keep these patients warm.
A head light with a mounted camera is worn by the operating
surgeon for adequate illumination and to allow the assistant and
the scrub nurse to see the operative steps properly in restricted
access surgery. After draping, a small midline incision (8–10 cm),
centred above the umbilicus, is made. The small bowel is kept
inside the abdomen and retracted with the use of 12-inch gauze
and Book–Walter retraction system. For high aneurysms, the
neck is identiﬁed pre-operatively with the use of an ultrasound
scan. The aneurysm and neck are drawn over the body and
hence the incision centred over the aneurysm sac with extension
towards the neck. Similarly when access to the iliacs is antici-
pated, the incision is extended downwards. A general anaes-
thetic results in complete relaxation of the abdominal wall,
making sequential retraction of the cranial and caudal ends of
the incision possible. The aortic neck is dissected with the help
of bipolar scissors and a curved aortic clamp is used to cross-
clamp the aorta. Low proﬁle Cosgrove clamps are used to control
the iliac arteries. Frequently, intraluminal 12-Fr Foley catheters
are used to replace the iliac arteries clamps. This avoids clamp
clutter in the operating ﬁeld.
All data analyses were undertaken using the software packages
Minitab v.14 (Minitab Inc., USA). Kaplan–Meier survival (time-to-
event) curves and associated test statistics analyses were cross-
checked using the software package StatsDirect v.2.3.7 (StatsDirect
Ltd., UK). Both the Log rank (Cox–Mantel) and the Wilcoxon
(Gehan–Breslow) tests are reported, the latter being more sensitive
to differences earlier in the event timeline. Fisher’s exact test was
used to evaluate differences in proportions and the Mann–Whitney
test was used for comparing scaled outcome measures (blood loss
and operation time).
3. Results
Between April 2003 and April 2006, 60 patients underwent AAA
repair. There was a strong male preponderance with a male to
female ratio of 5.7:1 (52 males and 8 females). Thirty-eight patients
had AAA repair with a small-incision RAEE technique and 22 had
conventional OPEN repair. The age, sex distribution, body weight
and co-morbidities were similar across the two groups (Table 1).
The operative details for the two groups are summarised in
Table 2. There was no signiﬁcant difference in operative time
between the two groups (Fig. 3). The median operative time for the
RAAE group was 155 min (range 60–330 min) and for the OPEN
group 162.5 min (range 75–330 min). There was less blood loss in
the RAAE group with a median blood loss of 1500 ml as comparedto 2000 ml in the OPEN group; however this difference was not
statistically signiﬁcant (Fig. 4, p ¼ 0.29).
There was a difference in the length of intensive care stay
between the two groups (Fig. 1). The RAAE group had a signiﬁcantly
shorter intensive care stay with a median stay of 2 days (range 0–16)
as compared to the OPEN group where the median stay was
4 days (range 0–21), (p ¼ 0.041). Similarly, total hospital stay was
shorter in the RAAE group with a median stay of 9 days versus
14 days for the OPEN group (Fig. 2, p ¼ 0.004). Signiﬁcantly more
patients had a bifurcated graft in the OPEN group as compared to
the RAAE group (10/22 vs. 4/38) and this difference was statistically
signiﬁcant (Fischer p ¼ 0.004).
Chest infection was the commonest post-operative complica-
tion. Signiﬁcant post-operative chest infection was recorded in 13%
(5/38) in the RAAE group as compared to 39% (9/22) in the OPEN
group (p ¼ 0.025). The other complications included myocardial
ischaemia, colonic ischaemia, post-operative bleeding, prolonged
ileus and coagulopathy, as shown in Fig. 5. There were two cases of
mild colonic ischaemia, who presented with abdominal pain and
bleeding per rectum. They were diagnosed with ﬂexible sigmoid-
oscopy and both of them were managed conservatively.
Therewere three deaths in total (two in the RAEE group and one
in the OPEN group, mortality rate 4.9%). One patient in the RAEE
group had a massive myocardial infarction on the 1st post-
operative day and died in ITU. The other patient had post-operative
intra-abdominal bleeding and underwent re-laparotomy on the 1st
post-operative day. Later on he developed abdominal compartment
syndrome andmultiple organ failure, and died. The last patient was
an elderly male in the OPEN group, who developed post-operative
renal failure which was further complicated by right lower lobe
pneumonia and congestive cardiac failure.
4. Discussion
The standard treatment for infrarenal abdominal aortic
aneurysm has been the midline trans-peritoneal approach and
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Rudloph Matas’s ﬁrst report of four cases managed successfully
with his technique of arteriorrhaphy in 1902.9 This conventional
technique is well established, safe and durable. The accepted
morbidity and mortality has decreased signiﬁcantly with advances
in anaesthetic and surgical techniques and post-operative care of
these patients.3 The median ITU stay and hospital stay have been
reported at around 4.6 days and 12 days respectively.10,11
An endovascular stent graft repair is a newer technique for AAA
repair whichwas popularised by Parodi and Barone in 1991.4 The
initial target patient population for this technique was those with
signiﬁcant co-morbidities. However with advances in the tech-
nology and increasing conﬁdence in the devices and technique,
stent grafts are ﬁnding applications for elective low-risk
patients.12,13 There are certain limitations to the technique,14 and
there is a need for long-term surveillance studies to establish the
safety and efﬁcacy of the technique.15–19 Laparoscopic repair of AAA
was described as a safe alternative to conventional open repair for
the ﬁrst time in 1993.20 This is appealing because of the advantages
of the laparoscopic approach in terms of shorter hospital stay, lesser
post-operative pain, reduced respiratory compromise, quicker
recovery and reduced incidence of incisional hernia formation.21
Various approaches including laparoscopic assisted, totally lapa-
roscopic and robotically assisted laparoscopic techniques have been
described.20,22,23 However ,this is technically a difﬁcult operation
with a longer learning curve and requires special training in lapa-
roscopic skills.24DAYS
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Fig. 2. Nonparametric survival plot for hospital stay. Kaplan–Meier method.A mini-laparotomy technique is another alternative approach,
where an operation essentially similar to an open AAA repair is
performed but through a smaller 8–10 cm size incision with the
use of a special retraction system. The advantages of this tech-
nique are quicker recovery with shorter intensive care and
hospital stay. All the morbidities related to a longer midline
incision like severe post-operative pain, respiratory compromise,
and development of incisional hernia are avoided.23,25 Intra-
abdominal small bowel retraction results in lesser post operative
ileus.26,27 There is a learning curve for this technique particularly
for the effective use of the retraction system and exposure of the
retro-peritoneum; however, the vascular anastomosis technique is
no different to the one described by Creech for endo-
aneurysmorrhaphy.
In this studywe have compared the results of a mini-laparotomy
technique at our institution with the conventional repair. Patients
in both groups were well matched for their age, sex and co-
morbidities. The operative times were similar across the two
groups; however, the ITU and hospital stay were signiﬁcantly
shorter for patients in the RAAE group, implying less physiological
derangement in the RAAE group. A signiﬁcant difference was seen
between the two groups in terms of development of chest infection.
The RAAE group had fewer chest complications. This is primarily
due to a smaller incision causing less pain, earlier mobilisation and
fewer cardiopulmonary disturbances.
The results of this study compare favourably with the published
literature. Turnipseed et al. reported an ITU stay of 1.2 days and
total hospital stay of 4.5 days with the mini-laparotomy tech-
nique.28 Cohen et al. have presented similar ﬁgures (1.9 and
5.2 days stay respectively).5 An ITU stay of 1.5 days and hospital
stay of 6 days have been reported by Klokocovnik.29 A longer
hospital stay has been observed in this study; however, we believe
that the social circumstances of our patient population were
responsible for this in some cases.
This study has its limitations. It is not a randomised study and
patients were selected for the mini-laparotomy technique.
Although the patient demographics are well matched across the
two groups, a certain degree of selection bias comes into play.
Hence the results should be interpreted with caution. We suggest
a prospective randomised study in future to validate these
preliminary results.Blood loss (mls)
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M. Khan et al. / International Journal of Surgery 7 (2009) 159–162162A mini-laparotomy approach like the RAAE technique can be
a good alternative to achieve good quality outcomes associated
with quicker recovery, shorter intensive care and hospital stay in
selected patients with AAA. This paper shows that reduced-access
aortic reconstruction can be safely achieved with minimal addi-
tional equipment and results that are comparable to traditional
open surgery.Conﬂict of interest
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